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Mission
The mission 3 of the National Strong-Motion Project is to provide measurements of how the ground and built environment behave during earthquake shaking to the earthquake engineering community, the scientific community, emergency managers, public agencies, industry, media, and other users for the following purposes:
• Improving engineering evaluations and design methods for facilities and systems;
• Providing timely information for earthquake early warning, damage assessment, and emergency response action; and • Contributing to a greater understanding of the mechanics of earthquake rupture, groundmotion characteristics, and earthquake effects.
National Strong-Motion Project
The National Strong-Motion Project (NSMP) is part of the U.S. Geological Survey (USGS) Advanced National Seismic System (ANSS). The NSMP is the primary operator of seismic instrumentation used by engineering seismologists, earthquake engineers, emergency managers, and public agencies. The NSMP manages seismic instrumentation (International Federation of Digital Seismograph Networks network code NP) installed on and near facilities, such as buildings, bridges, dams, and pipelines, and free-field sites, with a focus of capturing the range of motions from the very strongest down to moderate, and even weak, levels. Specifically, the NSMP is directly responsible for installation and maintenance of the instrumentation hardware and software, as well as acquiring, processing, archiving, and disseminating the resulting data. The NSMP network ( fig. 1 ) includes stations owned by the USGS as well as those owned by other Federal and State agencies but maintained by the USGS. The NSMP operates the seismic network in close collaboration with the ANSS regional seismic networks. The NSMP processes, archives, and disseminates relevant ground-motion data for moderate and large earthquakes from many of the ANSS regional seismic networks ( fig. 1 and tables 1, 2) , and several of the ANSS regional seismic networks provide routine maintenance for some of the NSMP stations. The various pathways for collecting ground-motion data from these multiple sources into the Center for Engineering Strong Motion Data are summarized in figure 2. The NSMP staff is part of the USGS Earthquake Science Center and works closely with engineering seismology and earthquake engineering research staff from across the USGS Earthquake Hazards Program. The NSMP Working Group serves as a formal mechanism for maintaining strong connections between the NSMP staff and USGS scientists using NSMP data in their research. The NSMP Working Group also works with the ANSS Structural Response Monitoring Working Group on issues related to structural instrumentation through the ANSS coordinator and overlap in membership. Figure 1. Map of strong-motion stations in the U.S. Geological Survey (USGS) Advanced National Seismic System (ANSS) and partner seismic networks. Orange symbols identify the USGS National Strong-Motion Project (NSMP) seismic network stations (International Federation of Digital Seismograph Networks network code NP) and dark blue symbols identify the stations in other ANSS networks; triangles denote the ground stations and squares denote structures and geotechnical arrays. Background shading shows the USGS National Seismic Hazard Model in percent of gravity (2 percent in 50 years probability of exceeding a given peak ground acceleration (PGA); Petersen and others, 2014) . In addition to operating the NP network, the NSMP processes most of the strong-motion data recorded outside of California. 
Strategic Plan Objectives
This strategic plan, developed by the NSMP Working Group, will be used to guide the activities of the NSMP staff and the NSMP Working Group for the next 5 years. It will also facilitate long-term planning efforts by the USGS Earthquake Hazards Program and Earthquake Science Center. In developing this strategic plan, we assume the fiscal environment will remain about the same with nearly flat appropriated funding, and thus, we focus on solidifying our current capabilities rather than greatly expanding them. Nevertheless, many of the strategic actions discussed are readily expanded and (or) provide the foundation for subsequent actions should additional resources become available. For example, there are clear avenues for directing funding that targets the ANSS priorities identified in USGS Circular 1429, Advanced National Seismic System: Current Status, Development Opportunities, and Priorities for 2017-2027 (U.S. Geological Survey, 2017), to the corresponding strategic actions identified later in this document. This strategic plan also informs external partners of the directions and opportunities the NSMP intends to pursue, including identifying opportunities for collaboration and engagement.
Vision
The NSMP aims to be an international leader in acquiring, processing, archiving, and disseminating earthquake strong-motion and structural response data, thereby contributing to increased public safety, reduced property damage, and increased resilience.
Achieving this vision involves commitment to maintaining the network, leveraging technological advances to increase efficiency, delivering the seismic data in a timely manner, and sustaining effective leadership across the NSMP staff and USGS Earthquake Hazards Program management.
Core Values
Forged through a long history of capturing important scientific records of how the ground and built environment behave during strong earthquake shaking, the NSMP staff and its community value the following:
• Diligence in maintaining free-field and structural monitoring instrumentation and disseminating the acquired data; • High-quality data products generated using accepted standards;
• Open access to data products and data processing tools and procedures;
• Innovation in development and implementation of new technologies;
• Effective partnerships with other Federal, State, and local agencies, and other organizations; • Stewardship in archiving and preserving data;
• Strong public service ethics, teamwork, and accountability; and • Effective use of available resources.
Strategies, Actions, and Outcomes
Over the next five years , the NSMP will pursue the following four strategies to strengthen its abilities to achieve its mission and realize its vision:
1. Improve the efficiency and sustainability of NSMP network operations; 2. Modernize procedures for collecting, processing, archiving, and disseminating NSMP data; 3. Enhance the utility of NSMP data through further integration with USGS/ANSS data products; and 4. Expand and strengthen external partnerships. These strategies support several ANSS priorities identified in USGS Circular 1429 (U.S. Geological Survey, 2017), including the following:
• Ensuring readiness in an earthquake crisis In describing the planned actions for each of the four strategies, we highlight these ANSS priorities supported by each action using the labels in square brackets.
Strategy 1. Improve the Efficiency and Sustainability of NSMP Network Operations
The strong-motion and structural monitoring instrumentation owned and operated by the USGS forms the core of the NSMP. Ensuring that the instrumentation captures shaking from large, damaging earthquakes and is delivered to users in a timely manner is a cornerstone of the NSMP mission. This strategy focuses on ensuring that NSMP can deliver on its mission through careful, consistent, long-term investment in maintaining the instrumentation, frequent assessment of observation gaps and needs, and development of a workforce commensurate with rapidly advancing technology.
Actions supporting this strategy to improve the efficiency and sustainability of the NSMP instrumentation include the following:
• Develop an upgrade plan and amortization schedule for NSMP instrumentation [A] . This information will allow NSMP and the USGS Earthquake Hazards Program to assess the resources needed to maintain the existing NSMP network and to scale growth and (or) contractions accordingly. In addition, agencies that provide data streams to the NSMP can establish long-term budget targets based on the guidelines in the upgrade plan and amortization schedule.
• Leverage advances in technology to reduce installation and maintenance costs [A, B.2, B.3, C.1] .
• Continue to expand the use of information technology to monitor the state-of-health of instrumentation and perform remote administration to minimize site visits. This effort builds on the success of applying these techniques to many free-field sites and a small number of sites with structural instrumentation.
• Build on the success of the NetQuakes instruments by continuing development and adoption of lower cost sensors with sufficient fidelity to capture ground motions within urban environments. This is especially important for achieving target station densities in the Central and Eastern United States, where current instrumentation is very sparse.
• Conduct full-scale testing of new and alternative structural instrumentation designs, including sensors, data loggers, and telecommunications technology. The testing should leverage shake table experiments and existing structures that are easily accessible to NSMP field staff and have high-quality instrumentation to allow benchmark tests of new or alternative designs.
• Establish guidelines for prioritizing instrumentation of new sites [C.1, C.4, C.5].
• Identify gaps in the observational database in accordance with research needs and seismic risk assessments, including the National Seismic Hazard Models and shortterm hazard changes (for example, induced seismicity). Some examples include identifying the types of structures and facilities that should be instrumented, assessing the density of instrumentation relative to research needs and engineering analyses, and identifying sites that would help fill in gaps in the earthquake magnitude/distance distribution. These guidelines will update those developed by Whittaker and others (2005) for engineered civil systems.
• Leverage free-field stations serving multiple uses, such as earthquake detection and location, earthquake early warning, and ground-motion characterization to increase the density of strong-motion stations. Multiple-use stations generally reduce the cost per channel, which can free resources to add new instrumentation at high-priority sites.
• Develop a staffing plan and seek broad support for its implementation to ensure NSMP staffing levels and expertise meet required needs [A] .
• Match staffing levels with network maintenance and operational demands.
• Train and retain new NSMP staff that have both information technology and instrumentation skills commensurate with today's evolving technologies.
• Optimize the geographic distribution of field staff to minimize travel and allow employees to live in regions with lower costs of living.
• Develop, implement, and test continuity of operations plans for collecting, processing, archiving, and disseminating strong-motion and structural response data in the event of a large earthquake [A] . Most of the NSMP infrastructure is at the USGS Menlo Park office, making collection of NSMP data potentially vulnerable to a large earthquake that disrupts telecommunications and transportation to or from the USGS Menlo Park office.
Opportunities with Increased Funding
A substantial increase in funding would allow the NSMP to adopt a much more aggressive upgrade strategy, add new sites to fill important observational gaps, harden the operations infrastructure to ensure redundancy in data collection and processing, and hire sufficient staff for proactive maintenance and operations. Achieving the station density and coverage targets for ANSS across the entire United States will require substantial capital investment as well as a long-term commitment to provide sufficient resources for maintenance and upgrades.
Strategy 2. Modernize Procedures for Collecting, Processing, Archiving, and Disseminating NSMP Data
Advances in information technology have transformed the way scientific data is collected and shared. The NSMP needs to be proactive and agile in leveraging these advances to improve management of its data and provide user-friendly and efficient interfaces to a wide variety of data products.
Actions in support of modernizing procedures for collecting, processing, archiving, and disseminating NSMP data include the following:
• Collecting [A, C.1]
• Improve centralized access to all strong-motion and structural response data recorded by the NSMP network and regional seismic networks by completing current efforts to automate gathering of these data across the ANSS into the Center for Earthquake Strong-Motion Data (CESMD).
• Implement regular, automated collection of ambient motion in instrumented structures to establish baseline structural response characteristics.
• Ensure completeness and accuracy of metadata for all waveforms collected by the NSMP.
• Develop and maintain one or more portable structural monitoring systems for rapid post-earthquake deployments, complementing existing portable free-field systems.
• Processing [A, C.1]. Complete current efforts to implement automated preliminary processing of all waveforms via PRISM (Jones and others, 2017) . Update thresholds for manual review.
• Archiving [A, C.1] . Expand the range of ground motions included in the CESMD by developing and implementing procedures for archiving NP network recordings for small and moderate earthquakes with good signal-to-noise ratio that are not already archived by the regional seismic networks.
• Disseminating [A, C.1] In collaboration with the California Geological Survey (CGS), expand the capabilities of the CESMD. The CESMD, operated jointly by the CGS and USGS, currently serves as the archive for all CGS and USGS strong-motion and structural response data.
• Build on standards used throughout the scientific community, such as web services and self-describing binary formats to provide unified, programmatic/scriptable (for example, via web services) and user-friendly interfaces (for example, graphical user interface to web services) to all data archived in the CESMD and the Consortium of Organizations for Strong Motion Observation System (COSMOS) Worldwide StrongMotion Virtual Data Center.
• Provide training sessions at meetings (for example, COSMOS Technical Session, Pacific Earthquake Engineering Research Center Annual Meeting, Earthquake Engineering Research Institute Annual Meeting, and Seismological Society of America Annual Meeting) for accessing data and using the recently developed waveform processing software, PRISM, outside of the USGS.
Opportunities with Increased Funding
Transforming the CESMD into a state-of-the-art repository for strong-motion data will require significant investment from the USGS in addition to that provided by the CGS. Increased funding can be used to accelerate this transformation; advance data collection, management, and processing techniques; and expand training opportunities.
Strategy 3. Enhance the Utility of NSMP Data through Further Integration with USGS/ANSS Data Products
Tighter integration with USGS/ANSS data products provides the opportunity to increase the value of the data generated by the NSMP. Additionally, development of new products directed towards the general public can increase the visibility of the NSMP to a broader audience. Increasing the value and visibility of NSMP data will lead to new opportunities for directing resources towards supporting the broader mission of the ANSS, including achieving its targets for the coverage and density of free-field and structural monitoring sites.
Actions supporting enhancing the utility of NSMP data through further integration with USGS/ANSS data products include the following:
• Encourage development of quantitative analysis of uncertainties in the National Seismic Hazard Models to identify new instrumentation sites that would have the largest impact on reducing uncertainty in seismic hazard assessments [B.2, C.4 ].
• Expand the integration of strong-motion data with ShakeCast through the use of private and public free-field and structural monitoring near critical facilities and structures [B.2, B.3, C.4] . Provide ShakeCast with free-field shaking parameters via ShakeMap and analogous structural response data. This will allow ShakeCast enhancements that use site-specific ground motions and structural response data, where available, to reduce uncertainties in structural performance assessments.
• Continue increasing the number of free-field stations providing low-latency data for earthquake early warning (ShakeAlert) [B.1] . Reducing the time required to transmit information from instruments to central processing facilities is critical for providing earthquake early warning to areas subjected to the strongest shaking. Many NSMP stations are in the urban environment, so providing low-latency data is critical for early warning in these populated areas.
• Reduce latency in collecting and processing structural response data to facilitate its use in emergency response and structural performance assessment [A, B.2, B.3] .
• Increase the visibility of NSMP structural response data by developing visualization products that illustrate important structural response concepts.
• Provide opportunities for NSMP field technicians to learn about the research needs associated with instrumentation projects [A] . Field technicians can address the most relevant technical details and unique aspects of sites, especially structural monitoring sites, if they are kept informed of the research needs. These actions expand existing, broader efforts to enhance the utility of NSMP data. For example, both the USGS Geologic Hazards Science Center and the USGS Earthquake Science Center have groups focused on characterizing the site conditions at instrumented sites, which facilitates the use of the data in ground-motion models that are critical for the National Seismic Hazard Models.
Opportunities with Increased Funding
Expansion of seismic and structural monitoring networks often go hand-in-hand with development of new data products. An increase in structural monitoring instrumentation will increase the demand for incorporating structural response data into ShakeCast. Furthermore, implementation of earthquake early warning will lead to new requests for integrating NSMP data into earthquake early warning related products, especially automated systems. These new demands will require investment in research and operations in order to improve data products, such as ShakeCast and ShakeAlert.
Strategy 4. Expand and Strengthen External Partnerships
Finding resources to achieve the goals for the density of strong-motion and structural response instrumentation of the ANSS will likely require strengthening existing partnerships with other Federal and State agencies and establishing new ones. The NSMP should seek a proactive leadership role to engage stakeholders so that they readily identify the benefits of collaborating on new free-field sites and instrumenting additional structures and facilities.
Actions in support of expanding and strengthening external partnerships include the following:
• Engage owners of structures and facilities on the benefits of seismic instrumentation and ShakeCast in order to expand structural monitoring via reimbursable contracts and memorandums of understanding [C.4, C.5] . Owners are more likely to fund installation and maintenance of seismic instrumentation if they can easily identify the direct benefits, such as increased situational awareness following significant earthquakes.
• Explore partnerships for leveraging structural instrumentation that is primarily intended for purposes other than seismic monitoring [C.4, C.5 
Opportunities with Increased Funding
External partnerships could be greatly expanded and strengthened with increased funding. A prime target would be aggressively engaging partners in deploying vast numbers of sensors across the built environment to capture earthquake shaking and its effects at unprecedented resolution. This would dramatically enhance situational awareness during earthquake response and provide new pathways for risk assessment and mitigation. Additionally, the USGS could use increased funding to direct more external USGS grants toward promising research areas related to assessing and mitigating seismic risk.
Outcomes
Taking the actions outlined above in pursuit of the four strategies will direct the NSMP toward the following outcomes:
• Strong-motion data products from the NSMP, which are disseminated by the CESMD, are used by structural and geotechnical engineers to increase the earthquake resistance of facilities and systems through retrofits and improved seismic designs. The data also lead to advancing the USGS National Seismic Hazard Models and research in characterizing earthquake ruptures, ground motions, soil/structure interaction, and structural response.
• The NSMP rapidly collects, processes, archives, and disseminates strong-motion and structural response data with a return rate greater than 95 percent for all damaging earthquakes in the United States.
• The NSMP lowers maintenance and upgrade costs, thereby allowing instrumentation of new sites and structures to fill in gaps in the observational database and response capabilities.
• Data from the NSMP serve a growing number of users from across the seismology and earthquake engineering communities, including the academic community, public agencies, design engineers, emergency managers, and the media.
• The NSMP expands its data streams through reimbursable and data acquisition agreements with public agencies and private entities based on their use of USGS/ANSS products, such as ShakeAlert, ShakeMap, and ShakeCast.
• The NSMP shares, archives, and disseminates data from a growing number of international data providers, thereby providing the United States and international communities with important datasets from damaging earthquakes. These outcomes will help the NSMP achieve its vision of being an international leader in acquiring, processing, archiving, and disseminating earthquake strong-motion and structural response data, thereby contributing to increased public safety, reduced property damage, and increased resilience.
